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Abstract 
This paper introduces a simple method to assess aquatic environmental quality in water quality of a lake.  Lake Dianchi was used
as a case study. The sediments, contributing rivers, and water body of the lake are taken to represent the whole lake’s aquatic
environment. They are analyzed and ranked through PCA and relative principal component. The result showed that the worst and 
best sediment sampling points are Yunlianghe River and Guanyinshan West. Among all the 26 contributing rivers, Xinher River 
is ranking the first, representing the worst water quality. The Dongdahe River is ranking the last, representing the best water
quality among all rivers. The yearly water quality ranking of Lake Dianchi is varied in different years. There isn't a fixed 
direction in water quality evolvement. It showed that water pollution control is a hard issue. 
© 2010 Published by Elsevier Ltd. 
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1. Introduction 
The water quality in the lake watershed has been focused on for a long time in the worldwide [1]. With the 
process of global industrialization, more and more pollution load has been discharged into the water bodies [2]. As a 
result, lake water pollution becomes more and more serious [3]. People have tried a lot of strategies to improve the 
water quality [4]. Some of them are effective, The water quality becomes better after reduction of external load [5]. 
Before pollution reduction, there is a premise to find out the key factors of pollution source [6]. A long-term trend 
assessment for water pollution is the critical step in finding the factor [7]. Some certain indictors, including DO, 
bacterial [8], transparency [9], Zooplankton [10], phytoplankton [11], metals in sediments [12], are considered 
separately or combined together. The research on temporal variations is also applied, for example, a seasonal 
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succession [13]. If people could find out the nutrients flow of a special lake, the pollution control problem could 
transferred into key factor management [14].  
Lake Dianchi is one of the three emphasized lakes in Chinese governmental duty of lake water pollution control. 
The entrophication of this lake is serious with the feature of algal blooms breaking out almost every summer. In 
order to decrease the occurrences probability of algal blooms, the basic work is data mining. That means to find out 
what causes it. There are several ways for judging the causes of eutrophication, including classical statistical method 
and probability analysis [15]. Multivariate statistical techniques are appropriate for analyzing the main indicator [16]. 
If the leading indicator is phosphorous [17], the relative research should be done based on the analytical results for 
the special indicator [18]. The multivariate techniques could offer a simplified way for eutrophication diagnosis [19].  
When analyzing a special lake’s environmental quality, three aspects should be considered: (1) water body, (2) 
sediment, and (3) its contributing rivers. Thus a common method for these aspects is critical. A simplified tool is 
appreciated in case studies [20]. When treating large amount of data, data mining is necessary. This paper adopted 
Principal Component Analysis (PCA) method to analyze the temporal and spatial features, especially historical 
trends of the lake. 
2. Sediments 
The sediments in Lake Dianchi was sampled every month. Here the sediments analysis result in one of the 
months was taken as an example (Table 1).  
Table 1. The Descriptive Statistics of Sediments in Lake Dianchi in March, 2008 
Elements N Minimum Maximum Mean Std. Deviation 
As 15 11.10 980.00 117.0200 245.98921 
Hg(total) 15 0.14 2.41 0.7739 0.81721 
Cr(total) 15 80.70 170.00 112.9600 28.36804 
Pb 15 45.50 642.00 175.8800 182.81715 
Cd 15 0.23 1.59 0.9063 0.46543 
Cu 15 66.00 594.00 192.3333 170.08975 
Zn 15 98.00 3520.00 793.9333 1050.39887 
Kjeldahl Nitrogen 15 1470.00 10600.00 4948.6667 2627.91570 
TP 15 1130.00 5440.00 2918.0000 1450.07980 
Through the PCA process (the whole PCA is omitted), the results of all the sediments sampling points were 
gained (Table 2).  
Table 2. The principal components ranking of sediments 
Sampling point F1 ranking F2 ranking Total F ranking
Yunlianghe River 3.17388 2 -1.09382 13 4.211851 1
Duanqiao -2.33904 15 2.852369 1 2.261048 2
Middle of Caohai -1.39935 8 -0.74025 12 2.107524 3
Baiyukou 5.785047 1 -1.31563 14 1.689514 4
Yanjiaqiaocun -1.98324 13 -1.56528 15 1.500087 5
Dianchi South 1.129639 5 -0.66933 11 0.409039 6
Guanyinshan Middle -2.05107 14 2.226382 2 -0.12382 7
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Xinhe -1.85193 12 0.354167 4 -1.14099 8
Haikou West 0.138404 7 -0.33766 8 -1.2942 9
Chuanfanghe River 0.202281 6 -0.41684 9 -1.38261 10
Guanyinshan East -1.44404 9 -0.05074 6 -1.45777 11
Luojiaying 1.54223 4 -0.1898 7 -1.52814 12
Huiwan Middle 2.582458 3 0.002384 5 -1.70292 13
Daqinghe River -1.74011 10 -0.45614 10 -1.71029 14
Guanyinshan West -1.74515 11 1.400189 3 -1.83832 15
Through PCA of Lake Dianchi’s sediments, the main pollutants of the sediments might be heavy metals and TP. 
For heavy metals, the most polluted point is in Baiyukou. For TP, the most polluted points are Duanqiao and 
Guanyinshan Middle, etc. In all, the sediments in Yunlianghe River and Duanqiao are most serious.  
3. Contributing Rivers 
The descriptive statistics of water quality data in main contributing rivers are listed in Table 3. 
Table 3. Descriptive statistics of contributing rivers in March, 2009 
indicators N Minimum Maximum Mean Std. Deviation 
DO 26 0.10 8.47 3.9969 3.08691 
CODMn 26 2.30 38.10 12.8269 9.04277 
BOD5 26 1.00 109.00 16.4192 21.96213 
NH3-N 26 0.20 52.49 10.5003 13.93486 
TP 26 0.04 3.29 1.0822 1.12335 
TN 26 1.26 71.30 16.6481 16.76547 
For all sampling points, their ranking could be drawn from calculating their principal components. The 
contributing rivers in Lake Dianchi Watershed are ranked through PCA (Table 4).  
Table 4. The principal components ranking of contributing rivers 
Lake Total F ranking Lake Total F ranking
Xinhe(Xinyunlianghe) River 13.67 1 Cixianghe River -2.51 14
Daqinghe River 7.00 2 Wujia Baoxianghe River -2.56 15
Haihe River 6.76 3 Chuanfanghe River -2.61 16
Cailianhe River 5.52 4 Xiabahe River -2.83 17
Jinjiahe River 4.62 5 Laobaoxianghe River -3.16 18
Laoyunlianghe River 4.51 6 Panlongjiang River -3.21 19
Wangjiaduiqu River 3.87 7 Luolonghe River -3.23 20
Wulonghe River 2.70 8 Baiyuhe River -3.47 21
Liujia Baoxianghe River 0.56 9 Nanchonghe River -3.51 22
Xiaoqinghe River 0.31 10 Yaoanhe River -3.80 23
Xibahe River -1.49 11 Dahe (Yunihe) River -3.96 24
Xinbaoxianghe River -1.54 12 Laoyuhe (Shenglihe) River -4.70 25
Zhonghe (Chenghe) River -2.18 13 Dongdahe River -4.74 26
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Through the analysis of contributing rivers, the main pollutants in rivers could be drawn as Nitrogen and 
Phosphorous. The most serious river in March, 2009 was Xinher River. The second ranking river was Daqinghe 
River. The water quality in Dongdahe River was best compared with other rivers. The river water quality could be 
improved through controlling Nitrogen and Phosphorous.  
4. Seasonal and Annual Variations 
The seasonal trends should be analyzed because temperature, moisture, wind, and some other meteorologic 
factors are critical in the breaking out of algal blooms. Thus seasonal change of Lake Dianchi should be take into 
consideration [21]. The water quality of Duanqiao point in 2001 to 2004 is drawn in Figure 1. It seems there is no 
remarkable trend in several years. However, the seasonal variations are alike in different years. For TP, the highest 
month might be April, while the lowest month could be September. For DO, the seasonal trend is not as obvious as 
that of TP. 
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Fig. 1. (a) The DO of Duanqiao point in 2001 to 2004; (b) The TP of Duanqiao point in 2001 to 2004 
The indicator of TP could partly represent a small part of the total data. That means there is a peak in spring and a 
valley in autumn. The annually difference couldn’t be observed directly from original data. In order to maintain the 
historical trend of the water quality in Lake Dianchi, PCA was adopted to assess the yearly ranking of Lake Dianchi. 
The result is showed in Table 5. 
Table 5. The principal components ranking of each years 
year F1 ranking F2 ranking F3 ranking Total F ranking 
2006 1.845 1 0.427 2 0.121 4 1.968 1
2004 -0.591 7 -0.580 10 -0.094 7 1.275 2
2008 -0.713 9 -0.168 6 0.320 1 0.493 3
2009 -0.911 10 -0.285 9 0.151 3 0.165 4
2002 0.355 3 0.140 4 0.199 2 -0.299 5
2001 -0.516 6 -0.218 8 -0.169 8 -0.377 6
2005 -0.681 8 -0.209 7 0.010 6 -0.580 7
2000 0.005 4 0.563 1 0.060 5 -0.624 8
2003 1.206 2 0.094 5 -0.269 9 -0.730 9
2007 0.001 5 0.236 3 -0.329 10 -1.290 10
80 Yajuan Yu et al. / Procedia Environmental Sciences 2 (2010) 76–81
The above result shows that the pollution control is a complex problem. Although the municipal government of 
Kunming City has taken on a lot of projects to control the pollution and improve the water quality, the achievement 
is far from perfect. The pollution ranking in 2006 is top 1. However, the water quality in 2007 became better. But in 
2008 it turned worse again. In all, the annual water quality is varying in different years. The water pollution control 
is a difficult duty.  
5. Discussions 
The water quality trend in lakes could be analyzed and predicted to some extent. However, there are a lot of 
uncertain factors affecting the trend. There are three aspects should be considered in uncertainty analysis: (a) Global 
warming and relative weather conditions [22]. The global Meteorological trend is so complex that it could affect the 
eutrophication of lakes. (b) Urbanization rate will change the input load of the lake. (c) The policy is not a direct 
response to water quality. Quality Assurance of data mining system couldn’t avoid uncertainty in water monitoring. 
There should be a system for interpreting information to support policy, which links sampling and monitoring with 
policy development [23].  
Therefore, a combined lake-specific approach of nitrogen and phosphorus emission reduction and top-down 
control measures may be the best strategy to combat eutrophication [24]. The urbanization is a direct cause of 
pollution load [25]. The role of phosphorous is usually to be the most important themes [26].  
6. Conclusions 
A comprehensive analysis of aquatic environmental quality of Lake Dianchi was applied. The sediments, 
contributing rivers, and water body of the lake are analyzed through PCA and relative ranking method. The result 
showed that the worst and best sediment sampling points are Yunlianghe River and Guanyinshan West. Among all 
the 26 contributing rivers, Xinher River is ranking the first, representing the worst water quality. The Dongdahe 
River is ranking the last, representing the best water quality among all rivers. The yearly water quality ranking of 
Lake Dianchi is varied in different years. There isn't a fixed direction in water quality evolvement. It showed that 
water pollution control is a hard issue.  
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